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(57) ABSTRACT

An 1mage processing apparatus and an 1mage processing
method, enabling achievement of both an effect of improve-
ment of motion-picture response and a reduction of flicker
even 1n a case of alow frame rate, are provided. The apparatus
has a processing region detection portion 120 including a first
detection portion 121 detecting motion of an 1mage in a sub
frame from a continuous plurality of sub frames, and a second
detection portion 122 detecting a component having a prede-
termined value or more of level difference to peripheral pixels
of pixels forming an 1image 1n the sub frame; and a gradation
conversion portion 130 including a plurality of adaptive gra-
dation conversion portions 131 and 132 converting the gra-
dation for a region of the component having a level difference
at which motion 1s detected 1n the corresponding sub frame
among the plurality of sub frames in accordance with the
output signal of the processing region detection portion 120
and a sub frame selecting and outputting portion 133 alter-
nately selecting and outputting the selectively graduation
converted sub frames for each sub frame rate.

6 Claims, 9 Drawing Sheets
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FIG. 3
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FIG. 5
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IMAGE PROCESSING APPARATUS AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a national phase entry under 35
U.S.C. §371 of International Application No. PCT/JP2007/

064954 filed Jul. 31, 2007, published on Feb. 2, 2008 as WO
2008/016036 Al, and which claims priority from Japanese
Patent Application No. JP 2006-207445 filed 1n the Japanese
Patent Office on Jul. 31, 2006, which are incorporated herein
by reference.

TECHNICAL FIELD

The present invention relates to, for example, a liquid crys-
tal display device or other such 1mage processing apparatus
and an 1mage processing method capable of displaying gra-
dations 1n response to an mput video signal, more particularly,
relates to a techmique for improving a motion-picture
response characteristic.

BACKGROUND ART

As a method of improving a motion-picture response by
performing a pseudo impulse display of a liquid crystal dis-
play device (heremafiter referred to as an “LCD”) performing
a hold type display black insertion techniques, such as, black
frame msertion, and backlight blinking are being widely used
in commercially available LCDs.

However, these techniques involve the problem that the
luminance 1s lowered 1n response to the raise of the black
insertion rate for raising the effect of improvement of the
motion-picture response.

Then, as a pseudo impulse display method for improving
motion-picture response avoiding the lowering of the lumi-
nance (hereinafter referred to as the “improved pseudo
impulse drive”), the following techniques have been pro-
posed.

1. Dniving a display panel by a high frame rate (for
example, 120 Hz) two or more times an ordinary display
frame rate (for example, 60 Hz).

2. Carrving out a frame rate conversion from one frame
having an ordinary frame rate to a plurality of sub frames
having a high frame rate (for example, two sub frames 1n a
case of 60 Hz—120 Hz), and converting the gradations.

Note that, the method of the frame rate conversion may be
either a method of production of an interpolation frame or a
method of merely copying original frame.

3. Since the gradation conversion 1s carried out so that the
luminance of the frame of a certain pixel before gradation
conversion and a mean luminance of a plurality of sub frames
alter frame rate conversion become the same, a drop 1n the
luminance does not occur.

FIG. 1 1s a block diagram showing an example of the
configuration of an LCD use image processing apparatus
adopting the improved pseudo 1mpulse drive method.

This 1mage processing apparatus 1 has a frame rate con-
version portion 2, a gradation conversion portion 3, and a
liquid crystal panel 4. The gradation conversion portion 3
includes a first sub frame use {irst conversion portion 31, a
second sub frame use second conversion portion 32, and a sub
frame selecting and outputting portion 33.

Here, the improved pseudo impulse drive processing in the
image processing apparatus 1 in FIG. 1 will be explained with

reterence to FIG. 2 to FIG. S.
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FIG. 2 1s a diagram showing an output gradation charac-
teristic of a frame before frame rate conversion and gradation
conversion by a general hold drnive, FIG. 3 1s a diagram
showing a gradation conversion characteristic, FIG. 4 1s a
diagram showing an output gradation characteristic of a sub
frame after frame rate conversion and gradation conversion 1n
a case where the improved pseudo impulse drive 1s employed,
and FIG. 5 1s a diagram showing a transmittance characteris-
tic of the sub frame after frame rate conversion and gradation
conversion 1n the case where the improved pseudo impulse
drive 1s employed.

The results by converting each frame of 60 Hz to a first sub
frame and a second sub frame of 120 Hz as shown 1n FIG. 2,
then further converting the gradation of the first and second
sub frames according to the characteristics shown by the solid
lines A and A' in FIG. 3, are shown 1n FIG. 4.

Since the response of a liquid crystal at this time becomes
a pseudo impulse resembling the impulse wavetorm as shown
in FI1G. 5, therefore the liquid crystal motion-picture response
due to the hold type display 1s improved.

DISCLOSURE OF INVENTION

Technical Problem

In the improved pseudo impulse drive, however, since the
visual frame rate at a luminance by which the liquid crystal
exhibits a pseudo 1mpulse response looks like an ordinary
frame rate as shown in FIG. §, flicker due to the ordinary
frame rate occurs.

The more the gradation conversion characteristic
approaches to a straight line C as 1n the characteristics shown
by the broken lines B and B' in FIG. 3, the more the flicker
decreases and the more the visually perceived flicker is
reduced, however, the resultant response of the liquid crystal
also returns from the pseudo impulse to the hold direction,
therefore, the effect of improvement of the motion-picture
response 1s reduced. In this way, finally, the improvement
depends on a trade-oil of the reduction of thcker and the effect
of improvement of the motion-picture response.

In particular, in the case where an 1input signal thereof 1s of
a PAL (Phase Alternation by Line) type or other low frame
rate, reduction of flicker becomes remarkable, 11 selecting a
gradation conversion characteristic where no reduction of
flicker 1s sensed at all, the effect of improvement of the
motion-picture response can no longer be recognized much at
all, and achievement of both a reduction of flicker and
improvement of the effect of the improved motion-picture
response was 1mpossible.

The present invention 1s to provide an 1mage processing
apparatus and an 1mage processing method, enabling
achievement of both the effect of improvement of the motion-
picture response and the reduction of tlicker even in the case
of a low frame rate.

Technical Solution

A first aspect of the present invention 1s an 1Image process-
ing apparatus, capable of displaying a reference 1image on a
display panel, the reference image being defined as an image
to be displayed on the display panel, by a predetermined
display drive and by an1improved pseudo impulse drive which
expresses a predetermined one gradation corresponding to
the reference 1image by gradations of different brightness of at
least two pictures continuing in time, having: a processing
region detection portion outputting an output signal including
a motion detection result detecting motion of the image in the
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reference 1mage from 1mage imformation before or after the
reference 1mage 1 time, and a level difference detection
result detecting a component having a predetermined value or
more of level difference to peripheral pixels on a pixel form-
ing an 1mage in the reference 1mage, and an adaptive drive
portion detecting motion in the reference 1mage 1n accor-
dance with the output signal including the motion detection
result and the level difference detection result output from the
processing region detection portion and adaptively applying,
the improved pseudo impulse drive to the region at which the
level difference 1s detected.

Preferably, the pictures by the predetermined display drive
include at least two continuous pictures having approxi-
mately equal brightness.

A second aspect of the present invention 1s an 1mage pro-
cessing apparatus outputting an image signal corresponding
to one frame of an input video signal formed by a plurality of
sub frames, having: a processing region detection portion
including a first detection portion detecting motion of an
image in a sub frame from the plurality of sub frames con-
tinuing 1n time, and a second detection portion detecting a
component having a predetermined value or more of level
difference to peripheral pixels on a pixel forming an image 1n
the sub frame, and a gradation conversion portion including a
plurality of adaptive gradation conversion portions each con-
verting the gradation for a region of the component having the
level difference at which motion i the corresponding sub
frame 1s detected among the plurality of sub frames by the
first and second detection portions in accordance with the
motion detected value and the detected value of level differ-
ence detected at the processing region detection portion and a
sub frame selecting and outputting portion selecting and out-
putting selectively gradation-converted sub frames by
switching these sub frames for each sub frame rate.

Preferably, each of the adaptive gradation conversion por-
tions converts the gradation according to a predetermined
characteristic corresponding to a brighter level and a darker
level than the image signal.

Preferably, the image signal before the conversion by the
adaptive gradation conversion portions has approximately
equal brightnesses of the plurality of sub frames.

Preferably, the apparatus further has a frame rate conver-
s10n portion converting a frame of the input video signal to a
plurality of sub frames having a higher rate than this frame
and outputting the converted sub frames to the processing
region detection portion and the gradation conversion por-
tion.

Preferably, the component, having the predetermined
value or more of level difference detected by the second
detection portion 1n the processing region detection portion,
1s an edge component forming a contour of the image, and
cach adaptive gradation conversion portion in the gradation
conversion portion selectively converts the gradation of the
region at which motion was detected at the first detection
portion 1n the sub frame 1image and detected as an edge com-
ponent at the second detection portion.

Preferably, the apparatus further has a frame rate conver-
s10n portion converting a frame of the input video signal to a
plurality of sub frames having a higher rate than this frame,
and outputting the converted sub frames to the processing
region detection portion and the gradation conversion por-
tion.

A third aspect of the present invention 1s an 1mage process-
ing method, outputting an 1mage signal corresponding to one
frame of an mput video signal by a plurality of sub frames,
having: a first step of detecting motion of an 1mage 1n a sub
frame from the plurality of sub frames continuing in time, a
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second step of detecting a component having a predetermined
value or more of level difference to peripheral pixels on a
pixel forming an 1mage 1n the sub frame, a third step of
converting the gradation for a region of a certain component
having the level difference at which motion 1n the correspond-
ing sub frame 1s detected among the plurality of sub frames by
the first and second steps, and a fourth step of switching and
selecting the selectively gradation-converted sub frames for
cach sub frame rate and outputting the selected sub frame.

According to the present invention, the image processing
apparatus 1s configured so that, when the 1mage to be dis-
played on the display panel 1s defined as the reference 1mage,
this reference 1mage can be displayed on the display panel by
the predetermined display drive and by the improved pseudo
impulse drive which expresses a predetermined gradation
corresponding to the reference image by gradations having
different brightnesses of at least two continuous pictures.

For example, the processing region detection portion
detects motion of an image in this reference image from
image information before or after the reference image in time.
Then, a signal including this detected motion detection result
and the level difference detection result detecting a compo-
nent having a predetermined value or more of level difference
to peripheral pixels of pixels forming an 1image, in the refer-
ence 1mage, 1s output from the processing region detection
portion to the adaptive drive portion.

In the adaptive drive portion, the motion in the reference
image 1s detected 1n accordance with the output signal of the
processing region detection portion. Further, the improved
pseudo 1mpulse drive 1s adaptively applied to the region at
which the level difference 1s detected.

Eftects of the Invention

According to the present invention, there 1s the advantage
that achievement of both the effect of improvement of the
motion-picture response and the reduction of flicker becomes
possible even 1n the case of a low frame rate.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 A block diagram showing an example of the con-
figuration of an LCD use image processing apparatus
employing an improved pseudo impulse drive method.

FIG. 2 A diagram showing an output gradation character-
istic of a frame before frame rate conversion and gradation
conversion of a general hold drive.

FIG. 3 A diagram showing a gradation conversion charac-
teristic.

FIG. 4 A diagram showing an output gradation character-
istic of sub frames after frame rate conversion and gradation
conversion 1n a case where the improved pseudo impulse
drive 1s employed.

FIG. 5 A diagram showing transmittance characteristics of
sub frames after frame rate conversion and gradation conver-
s10n 1n a case where the improved pseudo impulse drive 1s
employed.

FIG. 6 A block diagram showing an example of the con-
figuration of an 1mage processing apparatus according to an
embodiment of the present invention.

FIG. 7 A diagram for explaining a processing concept of a
processing region detection portion according to the present
embodiment.

FIG. 8 A diagram showing the output gradation character-
istic of sub frames after frame rate conversion and gradation
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conversion 1n the case where the improved pseudo impulse
drive 1s employed according to an embodiment of the present
invention.

FIG. 9 A diagram showing a transmittance characteristic of
sub frames after frame rate conversion and gradation conver-
s10n 1n the case where the improved pseudo impulse drive 1s

employed according to an embodiment of the present imnven-
tion.

EXPLANATION OF REFERENCES

100 . . . 1image processing apparatus, 110 . . . frame rate
conversion portion, 120 . . . processing region detection por-
tion, 121 . .. motion detection portion (first detection portion),
122 . . . edge detection portion (second detection portion),
123 . . . detection synthesizing portion, 130 . . . gradation
conversion portion (adaptive drive portion), 131 . . . first
adaptive gradation conversion portion, 132 . . . second adap-
tive gradation conversion portion, 133 . . . sub frame selecting,
and outputting portion, and 140 . . . liquid crystal panel.

BEST MODES FOR CARRYING OUT THE
INVENTION

Below, an embodiment of the present invention will be
explained with reference to the drawings.

An 1mage processing apparatus according to the present
embodiment 1s configured so that, when an 1image to be dis-
played on a display panel (for example, a liquid crystal panel)
1s defined as a reference 1image, this reference 1mage can be
displayed on the display panel by a predetermined display
drive and by an improved pseudo impulse drive which
expresses a predetermined single gradation corresponding to
this reference 1mage 1n gradations having different bright-
nesses of at least two pictures continuing 1n time.

More specifically, the image processing apparatus of the
present embodiment does not just adjust the improved pseudo
impulse drive to the entire frame 1mage, but, the apparatus
detects an edge region of a motion-picture which is a genera-
tion source of a blurred feeling at the time of the motion-
picture display from inside the frame 1mage, and adaptively
applies the improved pseudo impulse drive to only this
region, to achieve both the effect of improvement of the
motion-picture response and the reduction of tlicker even in
the case of a low frame rate.

Note that, in the present embodiment, as the improved
pseudo 1mpulse drive, the following techniques may be
included:

1. Dniving the display panel by a high frame rate (for
example, 120 Hz) two or more times the ordinary display
frame rate (for example, 60 Hz).

2. Carrying out the frame rate conversion {from one frame
having an ordinary frame rate to a plurality of sub frames
having a high frame rate (for example, two sub frames 1n a
case of 60 Hz—120 Hz), and the gradation conversion.

Note that, the method of the frame rate conversion may be
either the method of production of an interpolation frame or a
merely original frame copying method.

3. Since the gradation conversion 1s carried out so that the
luminance of a frame of a certain pixel before gradation
conversion and a mean luminance of a plurality of sub frames
alter frame rate conversion become the same, a drop of the
luminance does not occur.

Below, the configuration and functions of the 1mage pro-
cessing apparatus corresponding to the improved pseudo
impulse drive o1 2 described above of the present embodiment
will be explained specifically.
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FIG. 6 1s a block diagram showing an example of the
configuration of the image processing apparatus according to
an embodiment of the present invention.

An 1mage processing apparatus 100, as shown 1n FIG. 6,
has a frame rate conversion portion 110, a processing region
detection portion 120, a gradation conversion portion (adap-
tive drive portion) 130, and a liquid crystal panel 140.

Note that the frame rate of a video signal SIN input to the
image processing apparatus 100 will be explained as 60 Hz,
as one example.

The frame rate conversion portion 110 converts a frame of
60 Hz of the input video signal SIN to a first sub frame
SFRM1 and a second sub frame SFRM2 of 120 Hz, and
outputs the converted results to the gradation conversion por-
tion 130 and the processing region detection portion 120.

Note that the method of the frame rate conversion may be
either of the method of production of an interpolation frame
by motion detection, or the method of merely original frame
copying.

The processing region detection portion 120 has a motion
detection portion (first detection portion) 121 which detects
motion of a motion-picture in a sub frame from a continuous
plurality of sub frames (the first sub frame SFRM1 and the
second sub frame SFRM2 1n the present embodiment), an
edge detection portion 122 (second detection portion) detect-
ing an edge component 1n a sub frame, and a detection syn-
thesizing portion 123 which synthesizes the motion detection
result and the edge detection result and outputs the synthe-
sized result, as a signal S123, to the gradation conversion
portion 130. The edge detection portion 122 as the second
detection portion detects a component having a predeter-
mined value or more of level difference to peripheral pixels of
pixels forming an 1mage in the sub frame to perform edge
detection.

FIG. 7 1s a diagram for explaining the processing concept
of the processing region detection portion according to the
present embodiment.

An outline of the edge region detection method of a
motion-picture in a sub frame will be explained using the
processing conceptual diagram of the processing region

detection portion 120 1n FIG. 7.

As shown in FIG. 7(A), assume that a sub frame SFRM2-0,
a sub frame SFRM1-1, and a sub frame SFRM2-1, converted
to 120 Hz, are input to the processing region detection portion
120.

In the processing region detection portion 120, the motion
detection portion 121 detects motion of a motion-picture
from the information of sub frames and, as shown in FIG.
7(B), outputs a motion detected result MD1-1 and a motion
detected result MD2-1, corresponding to the sub frame
SFRM1-1 and sub frame SFRM2-1.

The method of the motion detection at this time may be a
motion vector detection method of a block matching method
or an inter-frame motion detection method utilizing an inter-
frame difference.

The edge detection portion 122 detects an edge in each sub
frame and, as shown 1n FIG. 7(C), outputs an edge detected
result ED1-1 and an edge detected result ED2-1, correspond-
ing to the sub frame SFRM1-1 and sub frame SFRM2-1.

The detection synthesizing portion 123 performs the syn-
thesizing of the motion detected result and edge detected
result, and various adjustment processing (detection region
expansion, detection region rounding, 1solated point process-
ing, etc.), as shown i FIG. 7(D), outputs a detection synthe-
sized result DTC1-1 and a detection synthesized result
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DTC2-1, corresponding to the sub frame SFRM1-1 and sub
frame SFRM2-1, as the signal S123 to the gradation conver-
sion portion 130.

That 1s, the edge region detected results of motion-pictures
in sub frames forming a generation source of a blurred feeling
at the time of motion-picture display are output from the
detection synthesizing portion 123 as the detection synthe-
s1zed result DCT1-1 and detection synthesized result DCT2-
1, these results become the output of the processing region
detection portion 120, and are mput to the gradation conver-
sion portion 130.

The gradation conversion portion 130 has a first adaptive
gradation conversion portion 131 selectively converting the
gradation for only an edge region of a motion-picture in the
sub frame SFRM1 1n accordance with the output signal S123
ol the processing region detection portion 120, a second adap-
tive gradation conversion portion 132 selectively converting,
the gradation for only an edge region of a motion-picture in
the sub frame SFRM2 1n accordance with the output signal
S123 of the processing region detection portion 120, and a
sub frame selecting and outputting portion 133 alternately
selecting and outputting the selectively luminance-converted
sub frames for each 120 Hz of the sub frame rate.

In the first adaptive gradation conversion portion 131, the
edge region detected result of the motion-picture of the sub
frame SFRM1 1s received from the processing region detec-
tion portion 120, and adaptive processing 1s carried out so that
the gradation conversion according to the characteristic indi-
cated by the solid line A 1n FIG. 3 1s performed for only the
detection region (detection synthesized result DCT1-1 of
FIG. 7(D)) of the sub frame SFRM1, and the gradation con-
version for regions other than the region 1s not performed.

In the same way, in the second adaptive gradation conver-
sion portion 132, the gradation conversion according to the
characteristic indicated by the solid line A" 1n FIG. 3 for only
the detection region (detection synthesized result DCT12-1 of
FIG. 7(D)) of the sub frame SFRM2 1s performed, and the
gradation conversion for regions other than the region 1s not
performed.

Further, the gradation conversion characteristics used in
the first and second adaptive gradation conversion portions
131 and 132 are not limited to the characteristics indicated by
the solid lines A and A' 1n FIG. 3, and can be freely set, for
example, a characteristic of a non-linear curve expressed by a
gamma (v) function may be applied.

Next, the operation by the above configuration will be
explained.

First, in the frame rate conversion portion 110, a frame rate
conversion from a frame of 60 Hz of the mput video signal
SIN to sub frames SFRM1 and SFRM2 of 120 Hz 1s per-
formed.

The sub frames SFRM1 and SFRM2 converted to 120 Hz
are mput to the processing region detection portion 120 and
the gradation conversion portion 130.

In the processing region detection portion 120, the motion
detection portion 121 detects motion of motion-pictures 1n
the sub frames from the first sub frame SFRM1 and the
second sub frame SFRM2 to sub frames, and the motion
detected result 1s mput to the detection synthesizing portion
123.

Further, 1n the edge detection portion 122, the edge com-
ponent 1n the sub frame 1s detected, and the edge detected
result 1s input to the detection synthesizing portion 123.

Then, 1n the detection synthesizing portion 123, the motion
detected result and edge detected result are synthesized, and
the synthesized result 1s output to the gradation conversion
portion 130 as the signal S123.

10

15

20

25

30

35

40

45

50

55

60

65

8

In the first adaptive gradation conversion portion 131 of the
gradation conversion portion 130, the gradation conversion
for only the edge region of the motion-picture in the sub frame
SFRM1 1s selectively performed 1n accordance with the out-
put signal S123 of the processing region detection portion
120, and the result thereot 1s mput to the sub frame selecting
and outputting portion 133.

Further, 1n the second adaptive gradation conversion por-
tion 132, the gradation conversion for only the edge region of
the motion-picture in the sub frame SFRM2 1s selectively
performed 1n accordance with the output signal S123 of the
processing region detection portion 120, and the result
thereof 1s mput to the sub frame selecting and outputting
portion 133.

Then, 1 the sub frame selecting and outputting portion
133, the selectively luminance converted sub frames are alter-
natively selected for each 120 Hz of the sub frame rate, and
the selected frame 1s output to the liquid crystal panel 140.

Due to this, the sub frames selectively converted 1n grada-
tion for only the edge region of the motion-picture are sequen-
tially input from the gradation conversion portion 130 to the
liquid crystal panel at a frame rate o1 120 Hz to display them.

At this time, since the response of the liquid crystal 1n the

edge region of the gradation-converted motion-picture
becomes the pseudo impulse, as indicated as 66.7 to 83.3 ms
and 100 IRE in FIG. 8 and FIG. 9, the motion-picture
response 1s 1mproved, and regions other than the region
become the ordinary hold type display.

That 1s, 1n the 1mage processing apparatus 100 of the
present embodiment, by adaptively applying the improved
pseudo 1impulse drive, selectively to only the edge region of
the motion-picture in the frame 1mage forming the generation
source of a blurred feeling at the time of motion-picture
display, the effect of improvement of the motion-picture
response equivalent to the case where the improved pseudo
impulse drive 1s applied to the whole frame 1mage 1s kept,
while the improved pseudo impulse drive 1s not adaptively
applied to regions other than that region, to thereby reduce
tlicker.

Due to this, achievement of both the effect of improvement
of the motion-picture response and the reduction of flicker 1n
the case of a low frame rate, which was impossible when
simply applying the improved pseudo impulse drive to the
entire frame 1mage, 1s accomplished.

As explained above, according to the present embodiment,
since there are provided: the frame rate conversion portion
110 converting a frame of 60 Hz of the input video signal SIN
to the first sub frame SFRM1 and second sub frame SFRM?2
of 120 Hz; the processing region detection portion 120
including the motion detection portion 121 detecting the
motion of the motion-picture 1n the sub frame from the plu-
rality of sub frames continuing in time, the edge detection
portion 122 detecting the edge component in the sub frame;
and the detection synthesizing portion 123 synthesizing the
motion detected result and the edge detected result; and the
gradation conversion portion 130 including the first adaptive
gradation conversion portion 131 selectively converting the
gradation for only the edge region of the motion-picture inthe
sub frame SFRM1 1n accordance with the output signal S123
of the processing region detection portion 120, the second
adaptive gradation conversion portion 132 seleetively COn-
verting the gradation for only the edge region of the motion-
picture 1in the sub frame SFRM2 in accordance with the output
signal S123 of the processing region detection portion 120,
and the sub frame selecting and outputting portion 133 alter-
nately selecting the selectively luminance converted sub
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frames for each 120 Hz of the sub frame rate and outputting
the selected frame to the liquid crystal panel 140, the follow-
ing eifects can be obtained.

By keeping the etlect of improvement of the motion-pic-
ture response equivalent to the case where the improved
pseudo impulse drive 1s adaptively applied to the whole frame
image, while not adaptively applying the improved pseudo
impulse drive to regions other than the region, the reduction
of flicker can be accomplished.

Due to this, 1t 1s possible to accomplish both the effect of
improvement of the motion-picture response and the reduc-
tion of the tlicker 1n the case of a low frame rate—which was
impossible 1 the case where the improved pseudo impulse
drive was simply adapted to the whole frame 1mage.

In particular, in the case where the mput signal 1s the PAL
or other the low frame rate, there 1s the advantage that
achievement of both the effect of improvement of the motion-
picture response and the reduction of flicker becomes pos-
sible.

Note that, 1n the above explanation, the explanation was
given of a preferred embodiment selectively and adaptively
applying the improved pseudo impulse drive to only the edge
region of the motion-picture 1n the frame 1mage serving as the
generation source of the blurred feeling at the time of the
motion-picture display, but the selective adaptation of region
of the improved pseudo impulse drive 1s not limited to only
the edge. It 1s also possible to configure the apparatus so that,
for example, a region having a predetermined level difference
not less than the threshold value 1n the frame 1mage 1s selec-
tively adapted.

The mvention claimed 1s:

1. An 1mage processing apparatus outputting an image
signal corresponding to one frame of an mput video signal
formed by a plurality of sub frames, comprising:

a processing region detection portion including a first
detection portion detecting motion of an 1mage in a sub
frame from the plurality of sub frames continuing in
time, and a second detection portion detecting a compo-
nent having a predetermined value or more of level
difference to peripheral pixels on a pixel forming an
image 1n the sub frame; and

a gradation conversion portion including a plurality of
adaptive gradation conversion portions each converting
the gradation for a region of a respective component
having the level difference at which motion in the cor-
responding sub frame 1s detected among the plurality of
sub frames by the first and second detection portions 1n
accordance with the motion detected value and the
detected value of level difference detected at the pro-
cessing region detection portion and a sub frame select-
ing and outputting portion selecting and outputting
selectively gradation-converted sub frames by switching
these sub frames for each sub frame rate,

wherein the apparatus further comprises a frame rate con-
version portion converting a frame of the mput video
signal to a plurality of sub frames having a higher rate
than the respective frame and outputting the converted
sub frames to the processing region detection portion
and the gradation conversion portion.
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2. An 1mage processing apparatus as set forth 1n claim 1,
wherein each of the adaptive gradation conversion portions
converts the gradation according to a predetermined charac-
teristic corresponding to a brighter level and a darker level
than the 1image signal.

3. An 1mage processing apparatus as set forth in claim 1,
wherein the luminance of a certain image at the time, when a
plurality of sub frames converted by the adaptive gradation
conversion portions are displayed by the improved pseudo
impulse drive, 1s approximately equal to the luminance at the
time when one frame of the input signal before the conversion
1s displayed by the predetermined display drive.

4. An 1mage processing apparatus as set forth 1in claim 1,
wherein

the component, having the predetermined value or more of
level difference detected by the second detection portion
in the processing region detection portion, 1s an edge
component forming a contour of the image, and

cach adaptive gradation conversion portion in the gradation
conversion portion selectively performs the gradation
conversion to the region at which motion was detected at
the first detection portion 1n the sub frame image and
detected as an edge component at the second detection
portion.

5. An 1mage processing apparatus as set forth in claim 4,
wherein the adaptive gradation conversion portions perform
the gradation conversion according to predetermined charac-
teristics corresponding to a brighter level and a darker level
than the 1mage signal.

6. An 1image processing method outputting an image signal
corresponding to one frame of an input video signal by a
plurality of sub frames, comprising:

a first step of detecting motion of an 1image 1n a sub frame

from the plurality of sub frames continuing 1n time,

a second step of detecting a component, having a predeter-
mined value or more of level diflerence to peripheral
pixels on a pixel forming an 1mage in the sub frame,

a third step of converting the gradation for a region of a
respective component having the level difference at
which motion in the corresponding sub frame 1s detected
among the plurality of sub frames by the first and second
steps, and

a fourth step of switching and selecting the selectively
gradation-converted sub frames for each sub frame rate
and outputting the selected sub frame,

wherein the first step and the second step are performed by
a processing region detection portion of an 1image pro-
cessing apparatus and the third step and the fourth step
are performed by a gradation conversion portion of the
image processing apparatus, and

wherein the method further comprises converting a frame
of the mput video signal to a plurality of sub frames
having a higher rate than the respective frame and out-
putting the converted sub frames to the processing
region detection portion and the gradation conversion
portion.
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